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Abstract
Background: Ectopic adrenocorticotropic hormone-producing primary liver tumors are rare, especially in children.
We report the case of an adolescent boy of mixed Dutch and Moroccan descent with an adrenocorticotropic
hormone-producing calcifying nested stromal–epithelial tumor with long-term follow-up. Thus far, only two such
cases have been reported.
Case presentation: A 16-year-old boy of mixed Dutch and Moroccan descent presented with Cushing syndrome
and a palpable abdominal mass. A calcifying nested stromal–epithelial tumor was diagnosed. Postoperatively, his
plasma adrenocorticotropic hormone concentration normalized. He remains in complete remission 13 years after
tumor resection.
Conclusions: Calcifying nested stromal–epithelial tumor should be in the differential diagnosis of liver tumors,
especially if associated with Cushing syndrome as significant morbidity and mortality may be associated. Literature
on the topics involved is comprehensively reviewed.
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Background
Calcifying nested stromal–epithelial tumor (CNSET) of the
liver is a rare tumor consisting of nests of spindled epitheli-
oid cells with a potential for calcification [1]. Since its de-
scription, 37 cases have been reported (reviewed in [1–8]).
Three small series of four, six and nine cases respectively,
were reported as “Desmoplastic nested spindle cell tumor
of the liver” [3] or as (calcifying) nested stromal cell tumor:
(C)NSET [1, 5]. A similar tumor was reported as “Ossify-
ing malignant mixed epithelial and stromal tumor of the
liver” [2]. Patients’ age at diagnosis ranged from 1 to 34
years. Nine cases of CNSET with ectopic adrenocortico-
tropic hormone (ACTH) production have been described
(reviewed in [8]), with six cases in adolescent females.
Ectopic ACTH production is reported sporadically in liver
tumors, for instance in hepatoblastoma [9], and combined
hepatocellular carcinoma (HCC) and carcinoid [10]. In
this case report a 16-year-old boy with Cushing syndrome
due to CNSET is presented; it is the third report of such a
case in an adolescent male with the longest follow-up (13
years). After tumor resection, his Cushing syndrome
disappeared.
Case presentation
A 16-year-old boy of mixed Dutch and Moroccan des-
cent was admitted to our pediatric department with a 2-
month history of weight gain, distended abdomen, acne,
and hypertension. On examination, he had a moon face,
hirsutism, and hyperpigmentation (Fig. 1). His blood
pressure was 142/88 mmHg. An unpainful mass was pal-
pated in his upper right abdominal quadrant. Magnetic
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resonance imaging (MRI) showed a large mass in his liver
segments 4 to 8 (Fig. 2), without evidence of distant me-
tastases. Laboratory findings showed a white blood cell
count of 17.9×109/L and 431×109/L platelets. Electrolytes,
creatinine, and glucose levels were normal. His plasma
gamma-glutamyltransferase concentration was mildly ele-
vated (145 U/L). Endocrine findings were characteristic
for Cushing syndrome, with plasma ACTH and cortisol
concentrations of 285 ng/L and 785 nmol/L, respectively.
His hypertension was treated with a calcium antagonist
and ketoconazole therapy was administered to suppress
steroid hormone synthesis. MRI of his brain ruled out an
ACTH-producing pituitary tumor. A liver biopsy was
performed (described in the Pathology subsection). Since
the tumor appeared resectable, trisegmentectomy was per-
formed. His ACTH levels normalized within 2 days after
surgery. Postoperative complications consisted of bile
leakage and ischemic biliary stenosis with jaundice. Intro-
duction of a stent via endoscopic retrograde cholangio-
pancreatography was unsuccessful and percutaneous
transhepatic cholangiography drainage was established. A
month after surgery, a Roux-en-Y diversion with biliojeju-
nostomy was performed to resolve the obstruction. The
most recent follow-up imaging (an abdominal ultrasound
performed in January 2013) showed no signs of recur-
rence. Thirteen years after resection he is doing well and
remains in complete remission.
Pathology
Core needle biopsy showed irregular fields of epithelial
cell nests in a desmoplastic stroma, and dissociation of
cells, yielding to pseudovascular spaces. Cells varied from
epithelioid to spindle shaped. Immunohistochemistry was
positive for cytokeratin 19, anticytokeratin, neural cell ad-
hesion molecule, smooth muscle actin (SMA) and ACTH.
No mitoses and no distinctive cellular atypia were found.
Stromal cells were SMA-positive. A small cell desmoplas-
tic tumor was considered but ruled out by negative reverse
transcriptase polymerase chain reaction for the Ewing
sarcoma-related gene fusion product and Wilms’ tumor-
related gene [11]. Low-grade HCC with neuroendocrine
features, potentially a variant of fibrolamellar HCC, was
suggested. However, the spindle-shaped epithelial cells
and the lack of eosinophilic cells did not fit with that.
On cut surface, a rather sharply demarcated multinodu-
lar mass of 19.5 cm with multiple small calcifications was
found (Fig. 3). Histology confirmed an epithelial tumor.
The size of the epithelial fields decreased and the degree of
desmoplasia increased towards the center of the tumor.
Psammomatous calcifications were found within and near
irregular nests of predominantly spindle-shaped epithelial
cells (Fig. 4). The nests showed necrosis and cystic changes.
Ossification was seen between epithelial cells (Fig. 5).
Nests of tumor cells were infiltrating the adjacent liver
with entrapment of bile ducts and cords of hepatocytes.
Few mitoses were seen. Comparison with the descrip-
tion of (C)NSET from the literature solved the diagnos-
tic issue [1, 3]. Cushing syndrome in our patient was
classified as ACTH-dependent and caused by an ec-
topic ACTH-secreting tumor.
Fig. 1 Detail of the patient’s anonymized face showing moon face,
hyperpigmentation, and hirsutism
Fig. 2 Image of magnetic resonance imaging scan showing a large
mass in segments 4 to 8 of the liver
Fig. 3 Macro image of the tumor showing a sharply demarcated
multinodular mass of 19.5 cm with multiple small calcifications
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Discussion
We report the case of an adolescent patient with Cushing
syndrome due to an ACTH-producing CNSET of the
liver. While incidental cases such as the aforementioned
hormone-producing hepatoblastoma (suggesting neuroen-
docrine differentiation) [9], and combined HCC and car-
cinoid [10] have been reported, overall, liver tumors
producing hormones are rare. The differential diagnosis
includes carcinoids, combined or coexisting HCC and neu-
roendocrine carcinoma, metastatic neuroendocrine tumor,
metastatic primitive gonadal stromal tumor [5], and cysta-
denomas/cystadenocarcinomas with ovarian-like stroma
[12]. These latter tumors express alpha-inhibin and are
reactive to estrogen and progesterone receptors suggesting
a common early fetal origin of the cystadeno(carcino)ma
and ovarian-like stroma [12]. A special property of the liver
tumor in our patient is that it produced a polypeptide hor-
mone (ACTH). ACTH-producing tumors are more com-
mon in the thymus, thyroid, bronchus, lung, adrenals, and
pancreas than in the liver [13, 14]. Localizations often sug-
gest a neural crest origin [14]. These tumors may also pro-
duce insulin and catecholamines. Most likely, the CNSET
in our patient belonged to this group.
Cushing syndrome has an annual incidence of two to
five cases per million, of which children make up 10 %
[15]. Ectopic ACTH-producing tumors account for 1 %
of Cushing syndrome causes in adolescents [15]. Given
the low incidence of primary hepatic ACTH-producing
tumors, liver locations of ACTH-producing tumors are
more likely to represent metastases from neuroendo-
crine tumors originating in other abdominal organs than
primary tumors, rendering primary liver tumors causing
Cushing syndrome as reported here extremely rare.
Surgical resection is the treatment of choice [13]. Cush-
ing syndrome dissolves after complete resection of the
causative tumor [13]. Liver transplant has been inciden-
tally reported in the treatment of CNSET; two patients
died of postoperative complications and consecutive lung
metastases, respectively; another was without evidence of
disease at 2-year follow-up [4–6]. The role of chemother-
apy is unclear [1]. Histologic and immunological features
of CNSET suggest a potential role for treatment directed
at neuroendocrine tumors. A recent study shows al-
tered mesenchymal–epithelial transition with deletions
in the beta-catenin gene, suggesting another potential
targeting route [7].
In general, in ectopic ACTH syndrome, histology of the
causative tumor, dissemination of disease and control of
hypercortisolemia influence morbidity and mortality [13].
In a series of 43 patients with ectopic ACTH-induced
Cushing syndrome, median survival was 32 months with
overall mortality rate of 63 % [14]. Progression of the
causative malignancy and systemic infection were the lead-
ing causes of death [14].
CNSET has been suggested to have low malignant po-
tential [1, 5, 7]. In that perspective, the level of aggres-
sion in treatment warranted is unclear. However, local
recurrence after resection and re-recurrence after treat-
ment of recurrence with radiofrequency ablation have
been described [1–5]. Recently, extrahepatic lymph node
and lung metastases were reported [4, 6]. However, the
patient we present here is alive and well 13 years after
Fig. 4 Microscopic image of the tumor showing psammomatous
calcifications (C) within and near irregular nests of predominantly
spindle-shaped epithelial cells
Fig. 5 Microscopic image of the tumor showing epithelial cell nests
with necrosis (N), cystic changes, and ossification (O) between the
epithelial cells
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complete resection. With few reported cases, the bio-
logical behavior of CNSET is difficult to predict.
Larger series through international collaboration such
as Children’s Hepatic tumors International Collabor-
ation (CHIC) of the Société Internationale d’Oncologie
Pédiatrique – Epithelial Liver Tumor Study Group
(SIOPEL), are needed before conclusions about epi-
demiology, treatment, and prognosis can be drawn.
Conclusions
Despite its rarity, CNSET should be in the differential diag-
nosis of liver tumors, especially if associated with Cushing
syndrome, as significant morbidity and mortality may be
associated.
Abbreviations
(C)NSET, (calcifying) nested stromal cell tumor; ACTH, adrenocorticotropic
hormone; CHIC, Children’s Hepatic tumor International Collaboration; CNSET,
calcifying nested stromal–epithelial tumor; HCC, hepatocellular carcinoma; MRI,
magnetic resonance imaging; SIOPEL, Société Internationale d’Oncologie
Pédiatrique – Epithelial Liver Tumor Study Group; SMA, smooth muscle actin
Authors’ contributions
VBW acquired data, drafted, and revised the manuscript; PhR acquired data
and was involved in drafting part of the manuscript; HB acquired data and
was involved in drafting part of the manuscript; JZ acquired data and revised
the manuscript; WHL was involved in conception and interpretation of data
and revised the manuscript; DCA was involved in conception and revised
the manuscript. All authors read and approved the final manuscript.
Competing interests
The authors declare that they have no competing interests.
Consent
Written informed consent was obtained from the patient’s legal guardian
for publication of this case report and accompanying images. A copy of
the written consent is available for review by the Editor-in-Chief of this journal.
Author details
1Tytgat Institute at the Academic Medical Center, Meibergdreef 69-71,
S-building, 1105 BK Amsterdam, The Netherlands. 2Pediatric Surgical Center
of Amsterdam, Meibergdreef 9, 1105, AZ, PO BOX 22660, Amsterdam, The
Netherlands. 3Department of Pathology, Academic Medical Center,
Meibergdreef 9, 1105, AZ, Amsterdam, The Netherlands. 4Division of Pediatric
Oncology, Emma Children’s Hospital at the Academic Medical Center,
Meibergdreef 9, 1105, AZ, Amsterdam, The Netherlands. 5Department of
Paediatric Surgery, Leeds Children’s Hospital at the Leeds Teaching Hospitals
NHS Trust, Leeds, West Yorkshire LS1 3EX, UK.
Received: 26 January 2016 Accepted: 12 May 2016
References
1. Heerema-McKenney A, Leuschner I, Smith N, Sennesh J, Finegold MJ.
Nested stromal epithelial tumor of the liver: six cases of a distinctive
pediatric neoplasm with frequent calcifications and association with
cushing syndrome. Am J Surg Pathol. 2005;29:10–20.
2. Heywood G, Burgart LJ, Nagorney DM. Ossifying malignant mixed epithelial
and stromal tumor of the liver: a case report of a previously undescribed
tumor. Cancer. 2002;94:1018–22.
3. Hill DA, Swanson PE, Anderson K, Covinsky MH, Finn LS, Ruchelli ED, et al.
Desmoplastic nested spindle cell tumor of the liver: report of four cases of a
proposed new entity. Am J Surg Pathol. 2005;29:1–9.
4. Brodsky SV, Sandoval C, Sharma N, Yusuf Y, Facciuto ME, Humphrey M, et al.
Recurrent nested stromal epithelial tumor of the liver with extrahepatic
metastasis: case report and review of the literature. Pediatr Dev Pathol.
2008;11:469–73.
5. Makhlouf HR, Abdul-Al HM, Wang G, Goodman ZD. Calcifying nested stromal
epithelial tumors of the liver: a clinicopathological, immunohistochemical, and
molecular genetic study of 9 cases with a long-term follow-up. Am J Surg
Pathol. 2009;33:976–83.
6. Hommann M, Kaemmerer D, Daffner W, Prasad V, Baum RP, Petrovitch A,
et al. Nested stromal epithelial tumor of the liver – liver transplantation and
follow-up. J Gastrointest Cancer. 2011;42:292–5.
7. Assmann G, Kappler R, Zeindl-Eberhart E, Schmid I, Häberle B, Graeb C, et al.
ß-Catenin mutations in 2 nested stromal epithelial tumors of the liver – a
neoplasia with defective mesenchymal-epithelial transition. Hum Pathol.
2012;43:1815–27.
8. Geramizadeh B, Foroutan H, Foroutan A, Bordbar M. Nested stromal
epithelial tumor of the liver presenting with Cushing syndrome: a rare case
report. Indian J Pathol Microbiol. 2012;55:253–5.
9. Ruck P, Harms D, Kaiserling E. Neuroendocrine differentiation in
hepatoblastoma. An immunohistochemical investigation. Am J Surg Pathol.
1990;14:847–55.
10. Barsky SH, Linnoila I, Triche TJ, Costa J. Hepatocellular carcinoma with
carcinoid features. Hum Pathol. 1984;15:892–4.
11. Ladanyi M, Gerald W. Fusion of the EWS and WT1 genes in the
desmoplastic small round cell tumor. Cancer Res. 1994;54:2837–40.
12. Erdogan D, Kloek J, Lamers WH, Offerhaus GJ, Busch OR, Gouma DJ, et al.
Mucinous cystadenomas in liver: management and origin. Dig Surg.
2010;27:19–23.
13. Alexandraki KI, Grossman AB. The ectopic ACTH syndrome. Rev Endocr
Metab Disord. 2010;11(2):117–26.
14. Ejaz S, Vassilopoulou-Sellin R, Busaidy NL, Hu MI, Waguespack SG, Jimenez C,
et al. Cushing syndrome secondary to ectopic adrenocorticotropic hormone
secretion. Cancer. 2011;117:4381–9.
15. Stratakis CA. Cushing syndrome in pediatrics. Endocrin Metab Clin North
Am. 2012;41:793–803.
•  We accept pre-submission inquiries 
•  Our selector tool helps you to find the most relevant journal
•  We provide round the clock customer support 
•  Convenient online submission
•  Thorough peer review
•  Inclusion in PubMed and all major indexing services 
•  Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit
Submit your next manuscript to BioMed Central 
and we will help you at every step:
Weeda et al. Journal of Medical Case Reports  (2016) 10:160 Page 4 of 4
